INTRODUCTION
Pure titanium (CP Ti), Ti-6Al-4V and Ti-6Al-7Nb alloys with extremely excellent chemical stability (high corrosion resistance) and biocompatibility are used as materials for denture base, crown, and bridge as well as for implants in clinical dentistry. However, it was reported recently that the corrosion resistance of Ti was lost in a fluoride-containing solution1,2). Pure Ti and Ti alloys cannot withstand the exposure to NaF solution exceeding a concentration of Another study showed that Ti was not considered to be corrosion resistant in a solution containing 500ppm F4). These results suggest problems regarding the dental use of Ti because fluoridecontaining tooth surface embrocations, dentifrices and mouth washing rinses are widely used for dental caries prevention. These substances contain between 250 and 10,000ppm fluoride and having a pH range between about 3.5 and 7.05). The use of the fluoride-containing gels and rinses might be harmful to Ti devices such as implants or restorations, if they are used in an acidic environment5,6). In our previous study, we reported that the corrosion of pure Ti in the fluoride-containing solution depended on the hydrofluoric acid (HF) concentration, and when the HF concentration in the solution was higher than about 30ppm, the passive film of the Ti was destroyed7). 
Corrosion test
The counter and reference electrodes were platinum and KCl saturated Ag/AgCl electrode, respectively. The potential of this reference electrode is denoted by E (Ag/ AgCl)=E (saturated calomel electrode: SCE) +48.4mV.
After the specimens were immersed for 30 minutes in the test solution, the anodic polarization curves were obtained (Potentiostat HA-301 and Function generator HB-104, HOKUTO DENKO , Japan).
The potential was scanned from a corrosion potential to +2,000mV (vs . KCl saturated Ag/AgCl electrode) at the scanning rate of 1mV/s.
Changes in the corrosion potential with immersion time were measured in the test solution for 30 min immediately after polishing and immersion of the specimen.
Dissolved Ti analysis
The concentrations of Ti dissolved in the test solution after immersion for 24hrs were analyzed by inductively coupled plasma mass (ICP-MS) spectroscopy (PMS 2000, YOKOGAWA, Japan).
The immersion test was performed five times under the same conditions. Results were statistically analyzed by ANOVA with Scheff's test at a significance level of 1%. 
RESULTS
Anodic polarization test The anodic polarization curves of pure Ti in 0.1% NaF solution at pH values between 3.0 and 5.0 are shown in Fig. 1 (a) .
There was a marked difference in the corrosion potential between pH4.2 and 4.3. At a pH lower than 4.2, the corrosion potential was as low as approximately -1,000mV and the current density increased as the po- Immersion test 1. Corrosion potential measurement Changes in the corrosion potentials of Pure Ti with immersion time in 0.1% NaF solution are shown in Fig. 2 (a) . There was a marked difference in the corrosion potential on both sides of the boundary between pH4.4 and 4.3. When the pH was higher than 4.4, the corrosion potential increased during the early stage of immersion and the final values were between -0.6 and -0.5V. However, at a pH lower than 4.3, the corrosion potential decreased with in a short time after immersion and the values were between -1.0 and -1.1V.
The boundary, at which the corrosion behavior changes, exists between pH4.3 and 4.4. Fig. 2 (b) and (c) show changes in the corrosion potential of Ti-6Al-4V and Ti-6Al-7Nb alloys in 0.1% NaF solution at various pH, respectively. A similar boundary also existed between pH4.4 and 4.5 in Ti-6Al-4V and between pH4.1 and 4.2 in Ti-6Al-7Nb. Fig. 2 (d) shows the change in the corrosion potential of Ti-0.2Pd alloy in 0.1% NaF solution.
Again a similar boundary existed between pH3.6 and 3.7. OF Surface analysis by XPS 
Pd with etching time.
It was shown that the peak intensity of TiO2 was strong in the surface and that of metallic Ti gradually increased as etching time increased in both specimens. Fig. 6 shows the Pd 3d spectrum of the as-polished Ti-0.2Pd alloy. Fig. 6 The XPS spectra of Pd 3d in the as-polished Ti-0.2Pd. Fig. 7 The XPS spectra of (a) Ti 2p and (b) Pd 3d in Ti-0.2Pd alloy after immersion in 0.5% NaF at pH5.0 for 30min. 
DISCUSSION
The results obtained from the present anodic polarization and immersion experiments in NaF solutions revealed that there were obvious boundary pH values, at which the corrosion behavior of pure Ti and Ti alloy significantly changed as shown in Figs. 1 and 2. The amounts of Ti dissolved from the specimen below the boundary pH were significantly (p<0.0l) larger than those of the specimen above the boundary pH (Fig. 3) . This result suggests that corrosion does not occur above the boundary pH (non-corrosive), but corrosion happens below it (corrosive). As shown in Fig. 4 , the boundary pH had a good linear correlation with a logarithm of the fluoride concentration in each alloy. When the NaF concentration was 0 .2%, for example, corrosion occurred at a pH below 5.0 in the Ti-6Al-4V alloy (see Fig . 4 ). The 0.2% NaF corresponds to 906ppm fluoride. This suggests that there is a high probability of corrosion using commercial fluoride-containing dentifrices. From Fig . 4 , it is seen that the corrosion resistance of Ti-6Al-4V was the lowest and pure Ti and Ti-6Al-7Nb alloy had a similar level of corrosion resistance.
In an acidic environment, it is suggested that corrosion could easily occur even in low fluoride concentrations.
The use of fluoride-containing tooth surface embrocations, gels and dentifrices might be harmful to pure Ti, Ti-6Al-4V and Ti-6Al-7Nb dental devices such as implants and restorations, especially in an acidic environment. The amount of Ti dissolved from Ti-0.2Pd alloy at pH4.0 in Fig. 3 was significantly (p<0.01) smaller than that of pure Ti . The corrosion resistances of the Ti-0.2Pd alloy were significantly greater than those of pure Ti, Ti-6Al-4V and Ti-6Al-7Nb alloys in the wide range of pH and fluoride concentrations as shown in Fig. 4 . The diagram in Fig . 4 , enables us to predict whether corrosion of Ti and Ti alloys will happen, if the fluoride concentration and pH are known in the environment concerned.
To examine the difference in corrosion resistance between pure Ti and Ti-0 .2Pd alloy, the XPS study was performed. In the as-polished condition , Ti 2p spectra of pure Ti and Ti-0.2Pd alloy were similar and TiO2 covered the alloy surfaces. There was no difference in the peak intensity of Pd 3d spectra in etching time for 5sec and 300sec in the as-polished Ti-0.2Pd alloy shown in Fig. 6 . This suggests that there was no surface enrichment of Pd in the as-polished specimen. However, Pd enrichment on the alloy surface occurred after immersion in the 0.5% NaF solution at pH 5.0 for 30min.
This environment was non-corrosive for Ti-0.2Pd alloy. Therefore , it was suggested that Ti was slightly dissolved during an initial stage of immersion and as a result Pd enrichment took place on the specimen surface. A Pd enrichment on the alloy surface accelerated the catholic reaction due to lowering of the hydrogen over-voltage, and consequently, shifts the corrosion potential of the alloy into the passive region of Ti8,9). Therefore, the corrosion potential of the alloy is more noble then the critical potential for passivation of Ti. In this alloy , it was suggested that a repassivation of Ti was promoted and dissolution of Ti was suppressed by the same mechanism. This produces a high corrosion resistance of the Ti-0.2Pd alloy . Ti-0.2Pd alloy is expected to be useful as a new Ti alloy with high corrosion resistance in dental use.
CONCLUSIONS
The corrosion behavior of pure Ti and Ti alloys in the fluoride-containing solution was examined and the following conclusions were obtained. 
